Abstract Identifying the mechanisms that underpin species richness is one of the central issues of community ecology. On rocky shores in north-western Europe, two key limpet species coexist on the mid-and low shore but are segregated at small scales with respect to habitat. Shortterm and long-term experiments were done to test whether habitat suitability or habitat-speciWc competition drives the small-scale segregation of these species and therefore underpins their coexistence at larger spatial scales. In a controlled short-term experiment, Patella vulgata was transplanted onto open rock and into pools that either contained Patella ulyssiponensis and/or their mucus or from which P. ulyssiponensis and/or their mucus had been removed. After 2 days, P. vulgata remained in all experimental plots in similar numbers irrespective of treatment indicating that there was no negative response to P. ulyssiponensis, mucus or the pool habitat. In a long-term experiment, cage enclosures containing both species were set up in pools and on open rock over a 6-month period. P. vulgata grew equally well on both open rock and in pools but suVered higher mortality in pools. P. ulyssiponensis showed lower growth rate and higher mortality on open rock than in pools. P. ulyssiponensis exhibited increased growth in higher intraspeciWc densities on open rock and reduced growth in higher intraspeciWc densities in pools, indicating some degree of intraspeciWc facilitation on open rock and intraspeciWc competition in pools. There was no evidence of interspeciWc competition either in the short term or in the long term. Results revealed that habitat suitability was the mechanism causing segregation of these species at smaller spatial scales enabling them to coexist at larger spatial scales. ConXicting results in the short-term and long-term experiments highlight the importance of considering the correct temporal extent for experimental tests of hypotheses.
Introduction
Ecologists have long known the importance of biodiversity, and the identiWcation of the mechanisms underpinning biodiversity has been a central theme in ecology (HuVaker 1958; Hutchinson 1961; Bastolla et al. 2005) . The segregation of species at smaller spatial scales often enables them to coexist at larger spatial scales, thus enhancing biodiversity at any given scale. Much of the current ecological theory would suggest that the segregation of species is a result of interspeciWc competition for common resources (MacArthur 1972; Schoener 1974) ; however, other possible explanations include environmental tolerances (Nakamura 1976; Heller and Gates 1971) , diVerential predation (Underwood and JernakoV 1981) , disturbance (Menge and Sutherland 1976; Sousa 1979) or habitat heterogeneity (Schroeder and Rosenzweig 1975) , possibly as a result of evolutionary divergence in response to past competition (Mayr 1963; Connell 1980) . Despite this volume of work, the mechanisms underpinning species segregation and coexistence are still not fully understood and we know even less about when and why the diVerent mechanisms assume importance.
Environmental heterogeneity is widely cited as having a strong inXuence on the distribution and diversity of species (e.g. HuVaker 1958; Bonesi and MacDonald 2004) and there have been numerous descriptions of non-random associations of species with particular features of habitat (Holbrook and Schmitt 1992; Chapman 1994) . The association of a species with a particular habitat implies that it is, to some degree, a "suitable" habitat. The absence of a species from other habitats may be due to their inherent unsuitability, their inaccessibility or to negative interactions with other species present in them. Suitable habitats can be deWned as those that meet the physical and biological requirements of a species to enable it to survive, grow and, ideally, reproduce successfully. Suitable habitats fall within the range of physiological tolerances of a species and provide all necessary resources, such as food, shelter, access to breeding sites, etc. DiVerent habitats can vary in their suitability, in the sense that rates of growth, survival and reproduction can vary among them. If species do not occupy habitats that are suitable (in terms of physiological tolerance and resources provided), it is either because they are unable to colonise them or because of unfavourable interactions with other species (e.g. predators, parasites, competitors).
Many authors have described interspeciWc competitive interactions (Connell 1961; Underwood 1986 Underwood , 1988 as a mechanism driving species to occupy separate habitats, but it has also been recognised that an animal's competitive ability can be altered by the habitat in which it is found (Keough et al. 1997) . For example, a given species might "win" interspeciWc interactions in a habitat to which they are better suited, and "lose" in a habitat to which the competing species is better suited. We refer to this herein as "habitat-speciWc competition". While potentially an important mechanism in determining species distributions, no studies to date have tested its eVects experimentally.
Many experiments testing models of habitat use and competition have utilised limpets as model organisms (Underwood 1978; Angel et al. 2006) as they are tractable and important organisms on many rocky shores Coleman et al. 2006; Moore et al. 2007) . Two large species co-occur on the mid-shore in Ireland; Patella vulgata and Patella ulyssiponensis (Thompson 1980; Delany et al. 1998; Firth and Crowe 2008) . Both species require a damp place in which to settle (Lewis and Bowman 1975) but as adults are generally segregated. In a largescale study, Firth and Crowe (2008) found that adult P. vulgata were more common on open rock than in pools in 87.5% of quadrats sampled and that P. ulyssiponensis more common in pools in 95% of quadrats sampled.
Although competition between P. vulgata and P. ulyssiponensis has been suggested by some authors (Ballantine 1961; Thompson 1979) , to our knowledge, there has been no formal examination of competition between the two species until the current study. Habitat suitability and habitatspeciWc competition, within and among species of limpets may be measured in a number of ways. Firstly, animals placed in unsuitable habitat or into competitive situations may be expected to exhibit negative behavioural responses (SiVczyk et al. 2003) in the short term (days). Such responses may be triggered by potential competitors themselves, or by cues that they leave behind, such as scent marks or mucus trails (Davies and Hawkins 1998) . The laying down of mucus trails is an important aspect of mollusc biology, as trails are used for navigation, reproduction, feeding and "communication" (Davies and Hawkins 1998) . Lee and Silliman (2006) found that the marsh snail Melampus bidentatus actively avoids the mucus trials of its competitor Littoraria irrorata, indicating competition.
Secondly, if animals are constrained in unsuitable habitats or with competitors for longer periods of time (weeks to months), they may exhibit reduced survival, growth and/ or reproductive success (Boaventura et al. 2002) . Competitive interactions could be expected to be greater at higher densities (Amundsen et al. 2007 ).
This study aimed to determine whether habitat suitability or habitat-speciWc competition was the basis for the smallscale habitat segregation that enables P. vulgata and P. ulyssiponensis to coexist at larger spatial scales. These models were tested using short-term manipulations of unconstrained individuals to examine their behavioural responses and long-term enclosure experiments to assess eVects on growth, dry weight and mortality.
If habitat suitability is driving segregation, then it was predicted that, in the short term, P. vulgata would disperse from pools in greater numbers than from open rock. In the long term, if each species were constrained within each habitat, they would be expected to show higher growth and survival in the habitat to which they are associated, than in the habitat with which the other species is associated (open rock vs. pools). If habitat-speciWc competition is driving segregation, then it was predicted that, in the short term, P. vulgata would disperse from pools that contain P. ulyssiponensis and/or its mucus, in greater numbers than from pools that did not contain P. ulyssiponensis and/or its mucus. In the long term, if each species were constrained with its potential competitor in the habitat with which the potential competitor was associated, it was predicted that they would exhibit lower growth and survival than if they were constrained in that habitat without the potential competitor. It was also predicted that competitive eVects would be minimal when each species was constrained in the habitat with which it was associated with the potential competitor. Finally, it was predicted that competitive eVects would be intensiWed at increasing densities.
Materials and methods
Two experimental locations were selected on the Atlantic coast of Ireland; Muighinis Island (53°17.8ЈN, 9°50.8ЈW) and Dog's Bay (53°31.4ЈN, 9°58.8ЈW) in Connemara, Co. Galway. Both locations are fully exposed to Atlantic swells and comprise undulating exposed granite bedrock and are characterised by large numbers of shallow rock pools.
Short-term experiment
A short-term experiment measuring dispersal of P. vulgata to habitat and its potential competitor P. ulyssiponensis over 2 days was completed at Muighinis Island in October 2004 and at Dog's Bay in November 2004. At each location, three replicates of 10 experimental treatments were established at the mid-tidal level. Subsets of treatments were used to test speciWc hypotheses about habitat suitability and habitat-speciWc competition (Table 1) . Twenty individuals of P. vulgata were marked with epoxy putty on the apex of the shell, carefully removed from the substratum using a paring knife and transplanted into experimental plots in pools and on open rock. Individuals that were transplanted onto open rock were periodically splashed with seawater to promote re-attachment and reduce stress. Individuals were considered to have dispersed if they had moved out of a pool, or >0.25 m away from plots on open rock into which they had been transplanted. This distance was chosen to represent the approximate distance that individuals would have to travel to move out of a given pool. Pools used in the study were selected based on their similarities in size and depth.
Responses to each habitat were tested by comparing three treatments (Table 1) . Individuals were transplanted from pools to pools (treatment A), from open rock to pools (treatment B) and from open rock to open rock (treatment C). Responses to potential competitors and/or their mucus in each habitat were tested by comparing three additional treatments (Table 1b) . Each treatment either had P. ulyssiponensis removed (treatments E and F) or left in place (treatment D) and these manipulations were orthogonally combined with manipulations of the mucus of P. ulyssiponensis which was either removed (treatment F) or left in place (treatments D and E).
To remove mucus from pools in appropriate treatments, plots were drained of all seawater and the mucus removed from the substratum using a butane blowtorch (Davies et al. 1992) . Pools were re-Wlled with seawater and stocked with the relevant assemblage for that treatment. Blowtorching has strong potential to have a confounding eVect on the behaviour of the animals. Thus, two pairs of treatments were established to test for the eVect of the blowtorching procedure itself (Table 1c) . Treatments D and B both had P. ulyssiponensis present but did or did not involve blowtorching, respectively. Treatments E and G both had mucus but no P. ulyssiponensis, with and without blowtorching, respectively. In treatments D and E, which involved blowtorching and the presence of mucus, the procedure was carried out as above, but prior to incorporating P. vulgata, pools were overstocked with P. ulyssiponensis for 24 h to allow for a new Wlm of mucus to be set down. Preliminary work showed that this period was suYcient for this species to set down the mucus trails. In treatment E, these animals were subsequently removed and the plot was set up as normal such that they contained mucus but not P. ulyssiponensis.
Because these experiments involved moving individuals from one place to another, it was necessary to control for the potentially confounding inXuence of the transplantation procedure, which may itself have caused changes in behaviour (Chapman 1986 ). Crowe and Underwood (1998) described a set of treatments, which were also used in the current study (Table 1) : Wrst, a translocation control (treatment C), in which animals were marked and moved from one plot to another within the source habitat; second, a disturbance control (treatment H), in which animals were handled and marked in the same way as experimental 
animals, but were replaced back into the plot from which they were collected; third, an undisturbed control (treatment I), in which animals were simply marked in situ, and their dispersal monitored; fourth, a marking control (treatment J) was incorporated, in which animals were not marked or disturbed in any way. P. vulgata is a homing species that returns to a Wxed position "home scar" after foraging excursions (Cook et al. 1969; Coleman and Hawkins 2000) . Digital photography was used to identify individuals and monitor their dispersal. At each location, the experiment was set up over 3 consecutive days, during which weather patterns were consistent. One replicate from each of the treatments was established per day and data collected over the following 2 days.
Long-term experiment
At Muighinis Island, 24 treatments were initiated; 12 on open rock and 12 in pools. Sub-sets of these were used to test speciWc hypotheses, and will be described in turn. Individuals of each species were transplanted into cages within the two habitats: open rock and pools. The mean density of each species at the study site was approximately Wve adult limpets (>20 mm) per plot (Firth and Crowe 2008) . Each plot, therefore, had a minimum of Wve individuals of either species, described herein as ambient density. Double-density treatments had an additional Wve individuals of either species, and quadruple-density treatments an additional 15 individuals of either species. The experimental densities did not exceed those found in nature.
Habitat suitability was tested using a sub-set of 12 treatments in which ambient (Wve P. vulgata and Wve P. ulyssiponensis), double (ten P. vulgata and ten P. ulyssiponensis) and quadruple (20 P. vulgata and 20 P. ulyssiponensis) intraspeciWc densities of each species were compared between the two habitats (Table 2) . Habitat-speciWc competition was tested using another sub-set of 12 treatments in which treatments involving ambient density (Wve P. vulgata and Wve P. ulyssiponensis) and treatments involving ambient density plus additions of each of two densities of the other species (Wve P. vulgata plus Wve P. ulyssiponensis, Wve P. vulgata plus 15 P. ulyssiponensis and Wve P. ulyssiponensis plus Wve P. vulgata, Wve P. ulyssiponensis plus 15 P. vulgata) were compared for each species within and between habitats (Table 2) .
Cage enclosures with roofs were utilised in this study to contain experimental animals in the relevant habitat. The purpose of the roofs was to eliminate mortality caused by predators (Coleman et al. 2004; Silva et al. 2008 ) and thus retain a focus on mortality caused by competitive interactions (i.e. experimental treatments). Cages can change the intrinsic properties of the habitat, e.g. water Xow, moisture, shading etc., which may introduce experimental artifacts (Peterson and Black 1994) . The process of transplantation may also cause signiWcant changes in survival and behaviour (Chapman 1986 ). To test the inXuence of cages and the transplantation procedure, a third sub-set of treatments was established, which ran concurrently with experimental treatments (Table 2) . For each species, we incorporated two additional treatments: one containing Wve individuals in the habitat with which they were associated that had been left in place with no disturbance, with a cage put around them; the other with Wve individuals in the habitat with which they were associated, that had been left in place with no cage put around them. These treatments were then compared with the control (ambient) density treatments for each species transplanted into the relevant source habitat.
The experimental plots were established at the mid-tidal level. The cages consisted of square fences (0.9-mm wire diameter, 4.17-mm aperture) and roofs (0.6-mm wire diameter, 3.55-mm aperture) of stainless steel wire mesh, measuring approximately 30 £ 30 £ 12 cm. Experimental animals Table 2 Experimental treatments to test the long-term eVects of habitat suitability and habitat-speciWc competition on P. vulgata (V) and Patella ulyssiponensis (U) All treatments to test the eVects of habitat and habitat-speciWc competition involved transplanted animals a Individuals in controls were undisturbed (non-transplanted) animals Each month, cages were maintained (scrubbed to remove algae and debris) and survival was measured. Empty shells and missing individuals (no trace of the animal could be found) were recorded as dead. All dead animals were replaced with tagged individuals of similar length to maintain densities. At the end of the experiment, survival was recorded, destructive samples were taken and all original tagged animals were collected. In the laboratory, individual antero-posterior length and dry Xesh weight were recorded.
Seventy-six out of an original 86 cages remained at the end of the experiment. Of the lost cages, six entailed the loss of one replicate in six of the treatments, and four entailed the loss of two replicates in two of the treatments (ten P. vulgata in pool and 20 P. vulgata in pool). One replicate was randomly removed from treatments with four remaining to maintain a balanced number of three replicates per treatment. In cases where two replicates were lost, the missing data point in each of the treatments was replaced with the mean of the remaining two replicates and the df were adjusted accordingly (Sokal and Rohlf 1995) .
Analyses
In the short-term experiments, data were analysed in terms of the percentages of individuals that remained in the plots after 2 days. Two-factor ANOVA was used with factors: Location (random) and Treatment (Wxed and orthogonal) to test hypotheses about habitat suitability, habitat-speciWc competition and the eVects of marking, disturbance and translocation. In the long-term experiment, for both habitat suitability and habitat-speciWc competition, two-factor ANOVAs were done for each species with factors: Habitat (Wxed) and Density (Wxed and orthogonal). A series of three analyses was done for each species separately, with one analysis for each response variable (dry weight, proportional growth and mortality). To test for the potential eVect of the cage, separate one-way ANOVAs were done for each species with the factor treatment (transplanted with cage vs. undisturbed with cage vs. undisturbed no cage). Cochran's test was used to test for heterogeneity of variances. Variances were not heterogeneous and data were not transformed. In all cases Student Newman Keuls (SNK) procedures were used to make post hoc comparisons among levels of signiWcant terms.
Results

Short-term experiment
Of the 600 limpets marked at each site, 542 (90%) and 441 (74%) were retrieved at Muighinis Island and Dog's Bay respectively. At Muighinis Island, 77% of these remained within experimental plots and 13% outside. At Dog's Bay, 72% remained within experimental plots and 8% outside. At both locations, less than 1% of individuals were found dead within plots and the remainder were unaccounted for. P. vulgata remained in all plots in similar numbers, irrespective of treatment. There was no eVect of habitat, presence of P. ulyssiponensis and/or its mucus or blowtorching on the dispersal of P. vulgata from pools either at Muighinis Island or Dog's Bay (Figs. 1, 2 ; Table 3 ; SNK tests). Translocation, disturbance or marking had no eVect on dispersal at either site (Table 3 ; SNK tests). Habitat (origination to destination) P. vulgata remaining in plots (%)
Long-term experiment For P. vulgata or P. ulyssiponensis, respectively, analyses revealed no artifacts as a result of disturbance or conWnement on the growth (F 2,6 = 1.6, ns; F 2,6 = 0.02, ns), dry weight (F 2,6 = 4.27, ns; F 2,6 = 1.8, ns) or mortality (F 2,6 = 2.17, ns; F 2,6 = 1.75, ns).
P. vulgata had lower mortality on open rock than in pools ( Fig. 3; Table 4 ). There was no diVerence between the growth or dry weights of P. vulgata between habitats ( Fig. 3; Table 4 ) but individuals held at ambient densities had signiWcantly higher growth and dry weights than those held at double and quadruple densities ( Fig. 3 ; Table 4 ). P. ulyssiponensis had higher growth, dry weights and lower mortality in pools than on open rock ( Fig. 3 ; Table 4 ). P. ulyssiponensis grew faster at higher densities on open rock and at lower densities in pools ( Fig. 3; Table 4 ).
There was no eVect of habitat-speciWc competition on growth, dry weight or mortality of either P. vulgata or P. ulyssiponensis ( Fig. 4; Table 5 ), when each species was caged together in either habitat. P. ulyssiponensis had signiWcantly greater growth, dry weight and lower mortality in the pool habitat than on open rock, regardless of the presence or absence of P. vulgata ( Fig. 4 ; Table 5 ).
Discussion
Few studies make comparisons between short-term and long-term responses and many are limited to short-term responses. In this study the results of the short-term experiment contrasted with those of the long-term experiment. Neither experiment yielded evidence of inter-speciWc competition between P. vulgata and P. ulyssiponensis, but the long-term experiment revealed that the pool habitat was unsuitable for P. vulgata. Despite having similar growth rates in the two habitats, P. vulgata exhibited higher mortality after 6 months in pools than on open rock. Such habitat-speciWc mortality could be a mechanism by which abundance of P. vulgata is kept low in pools. Results of the short-term experiment suggest that whatever causes mortality takes longer than 2 days and indicate that there is no direct behavioural response of P. vulgata to P. ulyssiponensis. Presumably, P. vulgata would move out of pools before mortality would normally take place in nature. This highlights the importance of carrying out experiments for suitable periods of time. For example, O 'Connor and Crowe (2005) carried out a study examining the eVect of species loss on the functioning of an intertidal ecosystem. Early results (after 4 months) suggested that the loss of P. ulyssiponensis could be compensated for by other species, implying its eVective redundancy in the system (P. ulyssiponensis). After 13 months, this eVect had disappeared, however, resulting in the opposite inXuence and highlighting the importance of long-term experiments. Similarly, Rius and McQuaid (2006) found that the indigenous mussel
Perna perna improves survival of the invasive mussel Mytilus galloprovincialis in the short term, but excludes it competitively in the longer term. Fig. 3 a, b Growth (% increase in length), c, d dry mass and e, f mortality (mean + SE; n = 3) of P. vulgata and P. ulyssiponensis after 6 months in enclosures in a long-term experiment in treatments on R (white bars) or in P (grey bars). IntraspeciWc densities of Wve, ten and 20 animals were maintained per »35-cm 2 cage enclosure. 5 < 10 = 20 Main eVect of density where 5 is less than 10 while 10 and 20 are equal, 5 = 10 > 20 eVect of density where 5 is equal to 10 which is greater than 20, R > P eVect of habitat where R is greater than P, R < P eVect of habitat where R is less than P. *P < 0.05, **P < 0.01, ns not signiWcantly diVerent (diVerences between treatments based on ANOVA). For abbreviations, see Intraspecific density of animals (no. per ~35 cm 2 )
ns Table 4 ANOVAs to test the eVect of habitat suitability on the growth, dry weight and mortality of P. vulgata and P. ulyssiponensis in experimental plots at Muighinis Island * P < 0.05, ** P < 0.01 a Adjusted df (Sokal and Rohlf 1995) The short-term and long-term experiments were carried out during the winter months in the northern hemisphere. During this time of year, there is a greater covering of bioWlm (food) on the substratum than during the summer months (Thompson et al. 2004) , thus, it must be noted that the short-term experiments were carried out at a time of year when either habitat is less likely to represent a stressful environment and would therefore be less likely to provoke a negative response. An extension to the current study would be to execute the experiments at replicate times in each season in order to detect any seasonal variability in behaviour, growth and mortality.
In the long-term study, P. vulgata grew equally well on open rock as in pools and this was mirrored by the similar pattern in dry weights. Clearly, P. vulgata obtained a food source within the pool habitat, despite not normally being found there. This is consistent with P. vulgata's classiWcation as a generalist browser, feeding indiscriminately on whatever is on the substratum. In contrast to our Wndings, Thompson (1980) revealed that growth rate and maximum length attained by P. vulgata were highest on bare rock, lowest among closely packed barnacles and were also favoured by wet conditions. P. vulgata exhibited greater mortality in pools than on open rock. Clearly the pool habitat had some detrimental eVect on the survival of P. vulgata. It is possible that the pool environment reduced the tenacity of P. vulgata, resulting in it being dislodged from the substratum and suVering mortality as a result. Limpets, like many other groups, have the ability to respire in both air and water (Houlihan and Newton 1978; BrinkhoV et al. 1982 ). It appears as a general rule that the higher the level of the shore where an animal lives, the greater its reliance upon air breathing. High-shore P. vulgata have been shown to have greater oxygen uptake in air than in water ( Houlihan   Fig. 4 a, b Growth (% increase in length), c, d dry mass and e, f mortality (mean + SE; n = 3) of P. vulgata and P. ulyssiponensis after 6 months in enclosures in long-term experiment on R or in P. Individuals were maintained at ambient density (Wve individuals) + 0 (white bars), ambient density + 5 (grey bars) and ambient density + 15 (black bars) individuals of the other species per »35-cm 2 cage enclosure. There were no signiWcant diVerences between treatments within a habitat. *P < 0.05, ns (diVerences between habitats based on ANOVA). For abbreviations, see and Newton 1978). In hypoxic conditions, anaerobic metabolism in the tissues may result in the release of lactic acid and other potentially toxic end products (Barnes et al. 1963) . The limited oxygen supply and prolonged exposure to byproducts of anaerobic respiration in pools are possible causes of the mortality of P. vulgata in pools. P. ulyssiponensis exhibited lower growth and dry weights and higher mortality on open rock. P. ulyssiponensis of all sizes are generally associated with crustose coralline algae (Delany et al. 2002) which do not occur on open rock and are restricted to pools or under boulders in the mid-shore at the experimental site (Firth, personal observation) . P. ulyssiponensis restrained in enclosures on open rock may have had a limited food supply, thus causing the lower growth and survival in this habitat. In addition to being more susceptible to desiccation stress (Davies 1969) . Low-shore species have low air/water ratios and correspondingly accumulate anaerobic end-products when exposed to air (McMahon 1988) . P. ulyssiponensis only occurs on the low to mid-shore of semi-exposed shores. The limited oxygen supply and prolonged exposure to byproducts of anaerobic respiration in air are a possible cause of the mortality of P. ulyssiponensis on open rock.
On open rock, the growth rate of P. ulyssiponensis was lowest at ambient density, increasing signiWcantly at the two higher densities. The opposite pattern was seen in the pool habitat, with P. ulyssiponensis growing better at the lowest of the three densities. It appears that P. ulyssiponensis is experiencing intraspeciWc facilitation on open rock and intraspeciWc competition in pools. The importance of facilitation is increasingly being recognised (Bertness and Leonard 1997; Preisser et al. 2006) and it has been suggested that facilitation is more likely under more stressful conditions (Bruno et al. 2003) . One way in which facilitation might be occurring on open rock, is that, at higher densities, more mucus trails could be produced potentially alleviating desiccation stress. These mucus trails, in turn, may stimulate algal growth (Connor and Quinn 1984) , thereby giving the limpets a source of food in a limiting environment. Conversely, in pools, P. ulyssiponensis exhibited signiWcantly higher growth and dry weights in the lower density treatments. As the density of individuals increased, it is likely that food (crustose coralline algae) became a limiting resource, thereby forcing the animals to compete intraspeciWcally (Underwood 1986 ).
The importance of both intraspeciWc (Branch 1975; Underwood 1986 Underwood , 1988 and interspeciWc (Branch 1976; Bardsley and Beebee 2001) competition have long been recognised in ecology, with many species exhibiting asymmetry in competition between size classes (Fletcher 1988; Marshall and Keough 1994) . We considered the eVects of both intraspeciWc and interspeciWc competition for adult limpets simultaneously (Underwood 1992) and found that intraspeciWc competition had a much stronger eVect on each species than interspeciWc competition, which had no eVect at all. It is often found in nature that competition within a species is much stronger than competition between species, due to similarities in their resource requirements (Branch 1975; Underwood 1988) . There is already strong evidence for P. vulgata that the eVect of intraspeciWc competition is stronger than interspeciWc competition (Boaventura et al. 2002) . Branch (1984) noted that competition is often assumed to exist, and that diVerences between species may also facilitate segregation among habitat types. He noted that the diVerences that permit coexistence may have their origins in the past, and that past competition forced the animals apart, causing niche divergence, thus reducing competition (Connell 1980) . It has been suggested that coexistence today is due primarily to habitat specialisation and that past interspeciWc competition was the selective agent responsible for the evolution of this specialisation (MacArthur 1972; Branch 1984) . The segregation of these two species in relation to habitat could be explained by two of the three models discussed by Crowe and Underwood (1998) . Larvae of both species recruit into pools and onto damp open rock, usually in the low shore (Orton 1929; Lewis and Bowman 1975; Thompson 1980) . The observed pattern of segregation is likely to be due to higher rates of emigration of P. vulgata from the pools in response to an unsuitable environment (model 2, death rate), this species only utilising the pool environment as a nursery ground (Delany et al. 1998 ). On the other hand, P. ulyssiponensis is an obligate pool dweller throughout its lifespan (Delany et al. 1998) suggesting that individuals recruit in greater numbers to pools than open rock and do not subsequently leave (model 1, birth rate) or alternatively, larvae of P. ulyssiponensis recruit equally on both open rock and in pools and diVerential mortality leads to the reduction of numbers on open rock (model 2, death rate).
This study is one of the Wrst to consider both habitat heterogeneity and competitive interactions concurrently, and to test responses over both the short term and the long term. Our results revealed no evidence of interspeciWc competition between these species in either the short or the long term. Habitat was not an important factor over the short term, but emerged as the main driver of segregation for both species over the long term. The results of this study illustrate that short-term behavioural experiments may contribute only partially to tests of hypotheses about habitat suitability and highlight the importance of carrying out long-term experiments in order to elucidate temporal variation in patterns of behaviour and ecology. Huston (1979) argued that the environmental heterogeneity hypothesis is the only diversity hypothesis supported by convincing evidence. Much of the literature that supports this assertion is based on terrestrial (MacArthur and MacArthur 1961; Tilman 1994) or freshwater systems (Vinson and Hawkins 1998) . In contrast, considerably less work has been done in marine systems on environmental heterogeneity (Gaston et al. 1995; Therriault and Kolasa 2000) . Findings of the current study support the environmental heterogeneity hypothesis and represent a valuable contribution to our greater understanding of species segregation at small spatial scales enabling coexistence at larger spatial scales, thus enhancing biodiversity in marine systems.
